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What is the best way to program a supercomputere
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Our Use Case

Library for abstract algebra operations (e.g. matrix mulfiplication,
addition) on very big integers (up to 2A10000)

Type of Work Big Integer Applications
e Partitioning arrays of big e Cosmology
intfegers e Hash tables
e Data parallel work e Random numbers/probability
*Reducing lists in simulations
uncommon ways e Exact precision
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Portability

import dask
dask.config.set(scheduler="'threads"')

Python

from dask.distributed import Client

if __name__ == '__main__"':
file = os.getenv('MEMBERWORK') + '/gen@1@/my-scheduler.json'
client = Client(scheduler_file=file)

e Simple/drop-in #ifder _OPENIP Cit
Chqngeg for GPUS #include "omp.h

#else
#define omp_get_max_threads() ©
#endif
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#1/bin/bash

# This script allows for installing the Julia programmi:
# OLCF systems

#

# Authors: Jess Woods, Matt Belhorn

H

oo # Notes for testing an installati
# To use HP1/Cion, wl “Using mpi+/ using cuda’ at the top of test julia script.
# Enter interactive job or batch script and use a jsrun com e
# jsrun -n1 -g1 —smpiargs="-gpu" julia myprogran.jl
M
# To00:
# = Allow version to be set on conmand line, only fallback to default

joes not automatically find CUDA/CUBLAS.
dating an existing install if the MPT and CUDA packages
# must be rebuilt.

. -
# Set user-modifiable parameters.

TARGET_HOST="${1:~test}"
VERSION="1.4.2"

#

# Set fixed installation parameters.

S50, hest sas passed ac the commnd Ling use that to con
${1:+/5w/${TARGET_HOST}, julia}*
RODULE ROOT=+§11 5w SUTARGET HOSTS meaute iles/core}

the prefix.

# If above root strings are null, install in an ephemeral test prefix
$(IULTA_ROOT:-/tnp/${USER) /opt/ julia})"
{MODULE_ROOT : ~${JULTA_ROOT}/modulefiles/core}"

PREFIX="$ (JULIA ROOT)/ s (VERSION) "
MODULE_NAME="juUia/$ {VE

3
HODULE P ILE =3 {HOD0LE ROOT) /4 HODULE NAVE}. ua"
. BUILD_DIR="/tmp/${USER}/build. julia-${VERSION} . ${TARGET_HOST}"
SRC_DIR="${BUILD_DIR}/juli

#
# Verify parameters are correct before continuing.

# Abort the install if the prefix parent dir does not already exist when
# building a test deployne
s

i L "s{TARGET HosT)" & [ 1 —d "${JULTA_ROOTw/julia)" 1; the
echo 1= ERRDR: Directory e ROOT/utia) " does not exist.
echo * e target host correct?”

T1 5" = "sASH_SOURCE" 11 64 exit 1 1] return 1
[ ) L] [ )
Installing Julia"
Taroet oger” " scrancer_yosry
SVERSION}"
FIX}"
Y4 ${MODULE_ROOT)*
S{MODULE NAME}"
S{MODULE_FILE}"
S{SRC_DIR}"

VARNING: DO NOT RUN THIS SCRIPT UNATTENDED"
his script requires interactive input"
echo

read -p "are the above values correct? (y/[n]) * -n 1 -1
echo  # (optional) move
17T 1 SREPLY = Tyls 115 Shen

 Julia building and distribution issues

Perform the build
# Bailout on first error

set -

# Setup the build enviroment. Use the default GCC module.
module purg

modute R0ad gcc crake git spectrun-npi cuda

# Capture the specific gcc module used to set as a hard dependency in the modulefile.

e Dask setup and troubleshooting issues et —

"$(\date —iso-8601=ninutes)"
*${BUILD_DIR}/build. ${BUILD_DATE}. log"

> Beginning build of Julla VS(VERSION) at ${BUILD DATE}" | tee "${L0G.FILE)"
uild environment: " a "${LO
Peatrect MTIST T ude' s Wb rI

41,1 o1 “S{PREETX) bin/juliar 1; then

install it
tee o nSiloc iy

oL inub;con/utiaLang/Sutia \
~-single-branch

b "VS{VERSTON}" \

${SRC_DIR}

EOF > ${SRC_DIR}/Make.user
U5¢_bTNARYBUTLOE
GCCPATH=${OLCF_GCC_ROOT}/Lib

EDFLAGS s~ "CLEOLCr Get ROOTH/Lib64 WL, -rpath, ${OLCE_GCC_ROOT/L1b64

...Done!" | tee -a "${LOG_FILE)"

Sources already exist at '${SRC_DIR}'." | tee -a "${LOG_FILE}"

tall Julia
sppears to use relative RPATHs by default as vell as hard RPATHS

ctory. Might consider adding RPATHs to the GCC runtime libs
does not need the sane bulld-tine GCC module loaded at runtine.

arting build stage." | tee -a "s(
Sike VERsoSELY prerix-eronerTy L34 e Sa S0 FrLey

echo "=> Starting install stage." -a "${LOG_FILE}"
Sike VERBOSELY pref L-S(PREFDE inbtall | tee -a Te{Lo6 FILEN"

# Generate the modulefile
XME - Block/prompt user if modulefile already exists before overwritting.
# eval “make print-JULIA_VERSION

echo "=> Generating modulefile" | tee -a "${LOG_FILE}"

mkdir -p "${MODULE_FILEW/+}"

cat <<£0 {MODULE_FILE
Ratis(Nane + Juia TS{VERSION}")

ption : The Julia tanguage.")
help([[The Julia progranming language.)])
depends_an($(GC_DEPENDS)")
always_load("cna
S aperty (- aiaten, rexperinental’)
Drepenﬂ path(“PATH", 5 (PREFIX)/bin")

# Instalt base extensions
Installing base extensions" | tee

G “X(PREHX)/DM“

+/julia -e ‘using Pkg; Pkg.APT.precompile(); Pkg.add("MPI"); Pkg.add("CUDA")' | tee -

“${L0G_FILE}"

${L06_FILE}"

else # Install julia if binary not in prefs
L read, update DM extensions.
dating base extensions® | t S{L0c_FiLe)

(] L] e 2> ipa
cd “${PREFIX}/bin"
U I q U I “/julia - 'using Pkg; Pkg.APT.precompile(); Pkg.add(*MPI"); Pkg.add("CUDA"
I
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Programmabillity

Python

e Everyone inside/outside
CS already knows it

e High-productivity

e Requires outside libraries
(Dask, sympy, gmpy?2)

e Dask requires
experimentation

%(N)AK RIDGE

ional Laboratory

C++

e Compiles to efficient C
e Requires CS knowledge

e Time consuming fine-
tuning

e Race conditions and big
number stack size issues

Julia

 New, unknown
e High-productivity
e Python like syntax

e Built-in constructs for
parallelism, distribution,
big number handling,
and morel




Programmability Challenges

e Holding and processing big integers
e Qutside libraries vs native structures

e How to schedule “tasks”

Inefficient Dask
Task Graph
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Efficient Dask Task Graph
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Code Comparison

m_xi = [mj*xij for mj,xij in zip(m,xi)]
bi_ii = [bij*iij for bij,iij in zip(bi,ii)]
b_x = [bj*xj for bj,xj in zip(b,x)]

big_sum = sum(m_xi) + sum(bi_ii) + sum(b_x)
¢ = modNear(big_sum,self.x0)

Python

return c

Threads.@threads for i = 1:1
m_xi[i] = (xi_Chi[i] - xi_deltas[i])=*m[i]
bi_ii[i] = (ii_Chi[i] - ii_deltas[i])*bil[il

Julia

end
Threads.@threads for i = 1:tau

b_x[i] = (x_Chi[i] - x_deltas[i])*b[il]
end

big_sum::BigInt = reduce(+,m_xi) + reduce(+,b_x) + reduce(+,bi_ii)
return mod_near(big_sum,x0)
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#pragma omp parallel
{
#pragma omp for nowait
for (int 1 = 0; i < p_1; i++)

{
//mxxi
m_xi[i] = m[il*xi[i];
//bixii
mpz_class lb = power(-2,p_alphai);
mpz_class ub = power(2,p_alphai);
mpz_class bi = p_class_state.get_z_range(ub-1b);
bi = bi + 1b;
bi_ii[i] = bixii[i];

}

//bxx

#pragma omp for
for (int 1 = @0; i < p_tau; i++)

{
mpz_class lb = power(-2,p_alpha);
mpz_class ub = power(2,p_alpha);
mpz_class b = p_class_state.get_z_range(ub-1b);
b=0>b+ 1lb;
b_x[i] = bxx[i];
}

} // end omp region

//summation

C++

mpz_class big_sum = sum_array(m_xi) + sum_array(bi_ii) + sum_array(b_x);

mpz_class ¢ = modNear(big_sum, p_x0);
return c;




Useful and Fun Julia Constructs

« Dynamic, high-level syntax

« JIT compilation

« Opftional typing, type inference

« Simple core, easy to learn, free and open-source
e Function closures

« C and Fortran calling

« Metaprogramming

« Array broadcasting

 Built-in parallelism, distributed computing
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* array = [0,1,2]
J U ||(] EX(] M p | e 3-element Array{Int64,1}:

function generate(array::Array{Int64,1})
m = array .+ 1

* M,A = generate(array)
Cvar"#5#7" {Array{Int64,1}}([1, 2, 3]), var"#6#8"
{Array{Int64,1}}([1, 2, 31))

Multiply = function(x)

return X .%x m * M(2)
end 3-element Array{Int64,1}:

Add = function(x)
return X .+ m

end * A(7)

3-element Array{Int64,1}:
8

9
10

return Multiply, Add

end

* A(M(2))
3-element Array{Int64,1}:
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Summary
| Python Julia

Scalability Good, Variable on  Excellent, Requires Excellent,
different operations fine-tuning Unpredictable
garbage collector
Portability One-line scheduler One-line, Requires Simple, Distributed
conversion MPI for distribution memory requires code
changes

W Mostly Yes Yes, with comprises

Programmability Excellent More complicated  Straightforward, but
for non-CS people new

%OAK RIDGE

National Laboratory




Conclusion

e First parallel and fastest implementation
* First to iIncorporate both theoretical improvements

o Implementations available on github.com/jkwoods

 Python is workable
e C++ s classic

e Juliais very cool and overlooked
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https://github.com/jkwoods

